Four packaging materials namely, micro-perforated low density polyethylene bag, micro-perforated high density polyethylene bag, dried banana leaf, teff straw and no packaging materials (control) were used with three banana cultivars (Musa spp.), locally known as, Poyo, Giant Cavendish and Williams I. Randomized Complete Block Design in a factorial combination with three replications was used in the study. Chemical attributes including total soluble solid, pH value, titratable acidity (TA), ascorbic acid (AA), reducing sugar and total sugar were determined and finally percent of marketability was assessed for every three days. Banana fruits remained marketable for over 4 weeks in the flexible bags and for 18 days when packaged using dry banana leaf and teff straw. Unpackaged fruit remained marketable for only 15 days. Fruits that were not packaged at all lost their weight by 24.0% whereas fruits packaged in banana leaf and teff straw became unmarketable. Packaging maintained the TA, AA, reducing sugar and total sugar at higher level while TSS was kept lower. Poyo had higher total soluble solid, total sugar, reducing sugar but all these quality attributes were lower in Williams, which was, however, found to have the highest content of AA and TA. It can, thus, be concluded that packaging of banana fruit in polyethylene bags resulted in longer shelf life and maintained the chemical qualities of the banana which was followed by packaging in dried banana leaf and teff straw.
INTRODUCTION
Cooking banana and plantain (Musa spp.) are consumed both as an energy yielding food and as a dessert (Dadzie and Orchard, 1997) . Banana production in Ethiopia ranges from homestead to large commercial plantations. From introduced and locally collected varieties, Dwarf Cavendish, Poyo, Giant Cavendish and Ducasse hybrid were recommended for production (Seifu, 1999) . Banana research focused on varietal development, selecting of disease resistant variety, fertilizer trial, clump management practices and irrigation trials. Even though these preharvest practices are compulsory they must be coupled with the postharvest management practices because postharvest losses are of major concerns in many developing countries (Workneh et al., 2011a , *Corresponding author. Email: Seyoum@ukzn.co.za. 2011b ). There is a potential for export, being located close to important markets, such as Saudi Arabia, Djibouti and Somalia. Despite these facts, marketing of fresh bananas is complicated by postharvest losses. Both the fresh market and processing plants for fruits are located in towns away from farms and producers in rural areas. The quality of the fresh and processed fruit depends on the postharvest handling during harvesting, transportation, and storage, and should be monitored effectively to keep the best quality of fruit at harvest. Lack of storage facilities, limited access to transportation, and risk of high losses, growers are often forced to dispose off their produce over a short period of time (Haidar and Demisse, 1999) which causes an economic loss of banana. Although, the country is experiencing huge postharvest losses of banana, very little or no emphasis is given to postharvest handling of perishable produces.
In most of the time the traditional packaging method for banana is nested packaging in which dried banana leaf and straw of teff are used but the effectiveness of these packaging materials even has not yet been investigated. Modified atmospheric packaging (MAP) has also been found to increase the shelf life of banana fruit. It is often desirable to generate an atmosphere low in O 2 and/or high in CO 2 to influence the metabolism of banana being packaged or the activity of decay-causing organisms to increase storability and/or shelf life. In addition to atmosphere modification, MAP vastly improves moisture retention. Furthermore, packaging isolates the product from the external environment and helps to ensure conditions (Beaudry, 2000) . The quality of banana is reduced and considerable amount is wasted, from harvesting to final consumption. This loss can be kept at minimum by improving postharvest handling techniques through the use of packaging materials or through improving traditional packaging practices. Therefore, this study was aimed at the shelf life extension of banana using an appropriate packaging material. The specific objective of the present study was to evaluate the effect of packaging materials some selected qualities of three banana cultivars.
MATERIALS AND METHODS

Experimental site
The experiment was conducted at the Central Laboratory of Haramaya University. Haramaya University is located at an altitude of 1980 m.a.s.l., latitude of 9° 26' N and longitude of 42° 03' E. The rainfall of the area is bimodal type with an average annual rainfall of 790 mm. The mean annual temperature is 17°C with minimum and maximum temperatures of 3.8 and 25°C, respectively. The mean relative humidity is 50%, varying from 20-80% and the soil type is well-drained deep clay loam type.
Daily temperature and relative humidity (RH) of the room was recorded throughout the storage period. The temperature ranged from 15.9 to 17.7°C during the ripening period of tomatoes. The maximum temperature was attained in the afternoon around 3:00 pm and the lowest temperature was observed in the morning. The RH varied from 27.9 to 45.7% and the maximum was attained during the morning while the minimum was recorded during mid day.
Experimental materials
The experimental materials consisted of three banana (Musa spp.) cultivars named Williams I, Giant Cavendish and Poyo. They were obtained from Werer Agricultural Research Center (WARC) which is located 256 km far from Addis Ababa in the easterly direction. The area has an altitude of 740 m above sea level, and is characterizes by low and erratic rainfall with an average of 560mm per annum, with the peaks in July and August. The mean temperature of the center is 34°C (WARC, 2007) .
Sample preparation
Green mature dessert banana fruits of three varieties (Williams I, Giant Cavendish and Poyo), which were collected from Werer Hailu et al. 1227 Agricultural Research Center (WARC), Ethiopia. Fruits were harvested when the fingers of the first hand on the bunch showed signs of ripening or yellowing and the fingers changed to circular (Dadzie and Orchard, 1997) . Harvesting was carried out manually with great care to avoid mechanical damage. Harvested fruits were transported to Haramaya university by vehicle covering with dried banana leaf and then by providing cushion with teff straw underneath. Transportation was done during the night to avoid light and heat damage. The samples were then graded by size and colour and fruits with defects were discarded. Then unblemished uniform fruits were washed with tap water to remove field heat, to reduce microbial population and to get rid of soil particles on the surface of fruits. Perforated high density polyethylene (HDPE) bags (0.0375 mm thick), perforated low density polyethylene (LDPE) bags (0.0375 mm thick), plastic crates lined with dried banana leaf, plastic crates lined with teff straw and plastic crates without lining (as a control) were used as packaging materials with the three varieties. Each cultivar of graded fruit was packaged in each packaging material and placed in open air in three replications. Six hands fruits were used per replication. A total of around 90 hands were used (including for the sensory evaluation) with three cultivars, four packaging materials, the control and three replications.
Treatment and experimental design
The treatment consisted of a factorial combination of two factors, that is, cultivars and packaging materials. Three cultivars; Williams I, Giant Cavendish, and Poyo and five packaging materials; HDPE bags, LDPE bags, dried banana leaf (BL), teff straw (TS) and control (which were not packaged) were used for the experiment. A total of forty five experimental units were used with three replications. Each treatment consisted of uniform sized fruits placed in plastic crates which were stored at room temperature in the laboratory. The treatments were arranged in randomized complete block design (RCBD). Sample of five fingers were used for analysis on each sampling dates per replication.
Data collection
Every three days of storage, five fingers were taken randomly from each replication for determination of physical and chemical qualities of fruits. Data for all the postharvest treatments were taken on 0, 3, 6, 9, 12, 15, 18, 21, 24, 27, 30, 33 and 36 days. The quality data were taken from sampled banana fruits during the storage period as thus explained.
Temperature and relative humidity
Both temperature and RH of the storage room were recorded throughout the period with a hygrometer (Campa Flow model 8612).
Total soluble solids
Total soluble solids (TSS) were determined following the procedures described by Wasker et al. (1999) . An aliquot of juice was extracted using juice extractor (type 6001x no 3IJE35 USA). A digital refractometer (type Palm Abbe tm ) with a range of 0-32 °B rix and a resolution of 0.2 °B rix was used to determine TSS by placing 1-2 drops of juice on the prism. Between samples the prism of the refractometer was washed with distilled water and dried with tissue paper before use. The refractometer was standardized against distilled water (0% TSS).
PH and titratable acidity
Assessment of pH and titratable acidity (TA) of banana is used primarily to estimate consumption quality and hidden attributes. They could be considered as indicators of fruit maturity or ripeness. The pH value of the filtrate from pulp samples is determined using a pH electrode at a temperature of 20°C (model Jenway 3320). Total titratable acidity of the filtrate from pulp samples is determined by titration of the sample with sodium hydroxide to the phenolphthalein end point and calculation of acid present as malic acid, which is obtained by titrating 10 ml of the juice 0.1N NaOH till the pink end point persisted for 15 s (Dadzie and Orchard, 1997) .
Ascorbic acid
The ascorbic acid (AA) content of bananas were determined by the 2, 6-dichlorophenol indophenol method (AOAC, 1970 ). An aliquot of 10 ml of banana juice extract was diluted to 50 ml with 3% metaphosphoric acid in a 50 ml volumetric flask. The aliquot was centrifuged (type Misral MSE x100 rpm) for 15 min and titrated with the 2, 6-dichlorophenol indophenol dye to a pink endpoint (persisting for 15 s). The AA content was calculated from the titration value, dye factor, dilution, and volume of the sample.
Sugar analysis
Reducing and total sugars were estimated by using the techniques of Somogyi (1952) . Puree (10 ml) was added to 15 ml of 80% ethanol, was mixed and heated in a boiling water bath (type Clifton) until the ethanol odor goes off. After extraction, 1ml of saturated Pb (CH3COO)2.3H2O and 1.5 ml of NaHPO4 will added and the contents were mixed by gentle shaking. After filtration, the extract was made up to 50 ml with distilled water. An aliquot of 1ml extract was diluted to 25 ml with 1ml copper reagent in a test tube and was heated for 20 min in a boiling water bath. After heating, the contents were cooled under running tap water without shaking. Arsenomolybdate colour reagent (1 ml) was added, mixed, made up to 10 ml with distilled water and was left for about 10 min to allow colour development, after which the absorbance was determined by a spectrophotometer at 540 nm in a Milton Roy Spectronic 20 D spectrophotometer. For total sugar determination, sugar was first hydrolyzed with 1N HCl by heating at 70°C for 30 min. After hydrolysis, total sugar was determined following the same procedure employed for the reducing sugar. A blank was prepared using distilled water.
Percentage of marketability
The marketable quality of fruits was subjectively assessed according to the procedure of Mohammed et al. (1999) . These descriptive quality attributes were determined subjectively by observing the level of visible mould growth, decay, shrivelling, smoothness, and shininess of fruits. A 1-9 rating with1=unusable, 3= usable, 5=fair, 7=good, 9=excellent was used to evaluate the fruit quality. Fruits receiving a rating 5 and above were considered as marketable. The numbers of marketable fruits were used as a measure to calculate the percentage of marketable fruits during storage.
Statistical analysis
Significance tests were made by analysis of variance (ANOVA) for factorial arrangement in randomized complete block design with SAS (statistical analysis system) of version 9. Comparisons of the treatment means were done using Least Significant Difference (LSD) test.
RESULTS AND DISCUSSION
Temperature and relative humidity
The ambient temperature and RH of the storage room are shown in Figure 1 . Daily temperature and RH of the room was recorded throughout the storage period. The temperature ranged from 15.9 to 17.7°C during the ripening period. The maximum temperature was attained in the afternoon around 3:00 pm and the lowest temperature was observed in the morning. The RH varied from 27.9 to 45.7% and the maximum was attained during the morning while the minimum was recorded during midday.
Total soluble solids
The TSS content of banana in this study varied from 2.100 to 18.017 °Brix during the storage period. Dadzie and Orchard (1997) reported that fruits including banana, cooking banana and plantain, contain many compounds which are soluble in water like sugars, acids, vitamin C, amino acids and some pectins. These soluble compounds form the soluble solids content of the fruit. In most ripe fruits including banana, cooking banana and plantain, sugar forms the main component of soluble solids.
In the present study, an initial rise in TSS of banana fruits followed by fall in TSS content was observed during the storage period. Increasing in TSS content reflects hydrolysis of starch into sugars as banana fruit ripen. This result was in line with the finding of Stover and Stover and Simmonds (1987) who reported that the conversion of starch in to sugars was reported to be the most important change in ripening bananas.
Packaging significantly (P ≤ 0.05) affected the TSS content from date 6 until the end. Control fruits showed maximum TSS (18.0 °Brix) on day 12 (Table 1) . On day 15, TSS values of control fruits was decreased. Banana fruits subjected to BL and TS packaging treatments showed a maximum TSS content of 17.6 and 17.4 °Brix, respectively. Afterwards a decreasing trend exhibited for fruits packaged in BL and TS. Whereas the maximum TSS value for banana fruits packaged in HDPE and LDPE bags were 17.2 °Brix on date 30 and 17.2 °Brix on day 27, respectively. These values were lower when compared with fruits packaged in BL, TS and the control fruits which could be explained as the low respiration rate of fruits subjected to HDPE and LDPE bag packaging. Ahmad et al. (2006) also reported that controlled atmosphere stored bananas had higher firmness and lower soluble solids content during subsequent ripening with no effect on peel colour. The difference in TSS content between HDPE and LDPE bag packaged fruits was significant (P ≤ 0.05) towards the end of the storage period, in which HDPE was found to maintain higher TSS content than LDPE bag packaged fruits. At the end of day 36, the TSS content of HDPE and LDPE bag packaged fruits were 15.8 and 14.7 °Brix, respectively.
The difference among cultivars was significant (P ≤ 0.001) during the early storage period. On day 18, the difference in TSS content became non significant at P < 0.05 level of significance. After wards the difference became significant (P ≤ 0.05). From day 0 to 30, a general increase in the TSS values of banana cultivars was observed. Then there was a decreasing trend in TSS content of the three cultivars. The decrease in TSS content was due to the utilization of carbohydrates as metabolites. The present result was in agreement with the finding of Salunkhe and Kadam (1995) who reported that the total carbohydrate decreases during ripening of banana due to respiration. The decrease in TSS content of banana fruit towards the end of the storage period could also attributed to the movement of water from the peel to the pulp.
pH value
The pH value of banana fruits showed a decreasing trend at the beginning, and when ripening advances an increasing trend was observed ( Table 2 ). The same trend was observed for all packaging, even though the rate of change was different. This value was related to titratable acidity in which the higher the pH the lower the titratable acidity (Gowen, 1995) .
Significant (P ≤ 0.05) differences in pH value were observed for of banana fruits subjected to packaging treatments during the storage period at ambient condition. Fruits kept in plastic packaging exhibited a higher value of pH, while the control fruits showed lower pH value at the beginning of the storage period. Salunkhe and Kadam (1995) also reported that unripe banana subjected to ripening in polyethylene bags at ambient temperature had significantly lower value of titratable acidity (higher pH value) indicating that the ripening process in these fruits was slowed down.
Control fruits showed a decrease in pH value till day 12 and then on day 15 it become increased with final value of 4.8. Fruits subjected to BL and TS packaging showed a decreasing trend until day 15 and increased afterwards with the final pH value of 4.7 and 4.8, respectively. On Cultivar *** *** *** *** *** *** NS * * * ** NS * Packaging NS *** *** *** *** *** NS *** *** * * ** 1 NS,***, **, * indicate nonsignificant or significant differences at P ≤ 0.001, P ≤ 0.01 P ≤ 0.05, respectively, and means within the same column followed by a c ommon letter are not significantly different at P ≤ 0.05 (LSD test). LDPE, low density polyethylene; HDPE, high density polyethylene; WI, Williams I; PY, Poyo; GC, Giant Cavendish. 3 NS, ***, **, *, indicate non-significant or significant differences at P ≤ 0.001, P ≤ 0.01 P ≤ 0.05, respectively, and means within the same column followed by a common letter are not significantly different at P ≤ 0.05 (LSD test). LDPE, low density polyethylene; HDPE, high density polyethylene BL, banana leaf; TS, teff straw; WI, Williams I; PY, Poyo; GC, Giant Cavendish.
the other hand no significant (P > 0.05) difference was observed between the two plastic packaging throughout the storage period. The trend of pH change possibly increases after day 24.
The difference among cultivars was found to be significant (P ≤ 0.05) except on day 6 and 36. Poyo was found to have the highest pH value and Giant Cavendish was next to it. Whereas william I showed the lowest pH values through the storage period. At the end of the storage period, pH values of Poyo, Giant Cavendish and Williams I were 4.66, 4.65 and 4.6, respectively.
Titratable acidity
TA varied from 0.220 to 0.819% during the storage period at ambient condition (Table 3) . At the end of the storage period, higher percentage of TA was maintained by fruits packaged in polyethylene bags than the other treatments.
TA showed an increasing trend during ripening in which the trend was opposite to that of the trend in pH value. This result was in agreement with Gowen (1995) who reported that in the course of ripening pH decreases and free acidity increases until it reaches fully ripe stage and then the pH value increased and free acidity decreased gradually thereafter. At the beginning of the storage period, TA of fruits subjected to the plastic bags exhibited lower TA than the BL, TS packages and control fruits. This is due to slower enzymatic activity of fruits packaged in these plastic bags. The same result was reported by Salunkhe and Kadam (1995) that unripe bananas subjected to ripening in polyethylene bags of 150 gauge thicknesses at ambient temperature had significantly lower TA indicating that the ripening process in these fruits was retarded.
No significant (P > 0.05) differences were found between the TS content of BL and TS packages. At the end of day 18, the TA value of fruits subjected to BL and TS packaging was 0.599 and 0.584% respectively. Also, there were no marginal differences in TA values of fruits subjected to HDPE and LDPE bags during the ripening period except on day 24. TA is an important postharvest quality attribute of fruits, as taste is mainly a balance between the sugar and the acid content hence, assessment of acidity is important in the evaluation of the taste of banana fruits (Dadzie and Orchard, 1997) .
The value of TA was significantly (P ≤ 0.05) different among cultivars starting from date zero until the end of the storage period except on day 12 and 24. As can be seen from Table 3 , there was an increasing trend of TA value from the beginning till day 24 which could be due to the synthesis of organic acids from carbohydrate. After date 27, it showed a decreasing trend which could be due to its utilization as a substrate.
Ascorbic acid
The AA content of banana fruits subjected to different packaging treatments varied from 5.7 to 10.1 mg 100 g -1 (Table 4) . During the storage period of banana fruits at ambient condition, the AA content of fruits subjected to packaging treatments showed an increasing trend at the beginning of the storage period. When ripening progresses, the AA content became decreased. Significant (P ≤ 0.05) differences were observed among packaging materials over the storage 1 NS, ***, **, * indicate non-significant or significant differences at P ≤ 0.001, P ≤ 0.01, P ≤ 0.05, respectively, and means within the same column followed by a common letter are not significantly different at P ≤ 0.05 (LSD test). LDPE, low density polyethylene; HDPE, high density polyethylen e; WI, Williams I; PY, Poyo; GC, Giant Cavendish. Kader (1986) that, the role of packaging was primarily to reduce respiration rate of fruit and vegetables by retarding metabolic activities. At the end of date 15, control fruits had AA content of 6.360 mg 100 g -1 and AA value for BL and TS packaged fruits were 6.9 100 g -1 and 6.8 100 g -1 (Table 4) , respectively at the end date 18. But HDPE and LDPE bags were found to maintain the AA content to 7.2 and 6.9 mg 100 g -1 , respectively.
Significant difference was not observed between HDPE and LDPE packaging at the beginning of the storage period. But a significant (P ≤ 0.05) difference was observed between HDPE and LDPE bags packaged fruits at the later stages of ripening starting from date 27 until the end of the storage period. In these sampling dates HDPE packaging was found to maintain higher values of AA than LDPE packaging.
AA content among cultivars was significant (P ≤ 0.05) over the storage period of 36 days. Williams I was found to have the highest AA content followed by Giant Cavendish. The lowest AA content was exhibited for Poyo throughout the storage period. At the end of date 36, AA content of Williams I, Giant Cavendish and Poyo was 7.4, 7.1 and 6.8 mg 100 g -1 , respectively.
Reducing sugar
The reducing sugar content of banana subjected to packaging treatments varied from 0.551 to 7.7 mg 100 g -1 (Table 5) . It was found to be higher for control banana fruits than HDPE and LDPE packaged banana fruits at the beginning of the ripening. However, the two plastic packaging materials were found to maintain a higher value of reducing sugar during the later stage of ripening.
During the storage period, reducing sugar content of banana fruits showed a general trend of an initial increase followed by a decreasing pattern. The increase in the reducing sugar content of banana fruits could be due to hydrolysis of starch into soluble sugars as banana fruit ripen (Simmonds, 1987) . This conversion was found to be faster in control fruits than the other packaging treatments.
Packaging significantly (P ≤ 0.05) affected the reducing sugar content of banana cultivars over the storage period of 36 days (Table 5 ). The reducing sugar increased until day 12 and decreased on day 15 for non packaged banana fruits whereas for BL and TS packaged fruits, the value increased till day 15 and decreased on day 18. Same trend was observed for plastic films in which till day 30 it was increasing and thereafter it becomes decreased. The reason for the decrease could be due to the utilization of the sugar as respiratory substrate (Tucker, 1993) .
At the beginning, fruits packaged in BL, TS and control fruits had higher reducing sugar content than HDPE and LDPE packaged fruits. This indicated that the ripening process was faster in the former packaging. Control fruits became unmarketable on day 15, with the final reducing sugar content of 4.899 mg 100 g -1 . The reducing sugar content of banana fruits subjected to BL and TS packages were 5.1 and 5.0 mg 100 g -1 , respectively, at the end of date 18. These packaging materials were found to maintain the Cultivar *** NS *** *** *** *** ** NS *** ** ** * * Packaging ** *** *** *** *** *** NS NS NS *** *** *** reducing sugar content of banana fruits in relatively higher level than control fruits. Regarding the plastic packaging materials, significant differences were not observed between them at the beginning of the storage period. But starting from day 30, a highly significant (P ≤ 0.001) difference was observed until the end of the storage period. On these date HDPE bag packaging was found to maintain a higher value of reducing sugar content than LDPE bag packaging. Maximum value was attained on day 30 for both HDPE and LDPE bag packaging, and then the value became decrease thereafter. At the end of the storage period, HDPE and LDPE packaging maintained the reducing sugar content to 6.0 and 5.2 mg 100 g -1 , respectively. These values were by far higher than the reducing sugar content of banana fruits maintained by BL and TS packaging as well as the value of control fruits at the end of the storage period. This signifies the advantage of using polyethylene plastic bags as fruit packaging for extending the shelf life and keeping quality attributes of the fruit.
There was a significant (P ≤ 0.05) difference among banana cultivars stored for 36 days at ambient conditions. Poyo was found to have the highest reducing sugar content throughout the storage period. The lowest reducing sugar was recorded for Williams I whereas Giant Cavendish had a value higher than Williams I over the storage period of 36 days. At the end of date 36, the reducing sugar content of Poyo, Giant Cavendish and Williams were 5.8, 5.5 and 5.4 mg 100 g -1 , respectively.
Total sugar
In the present study, the total sugar of banana fruits subjected to packaging treatments varied from 2.710 to 16.154 mg 100 -1 g (Table 6 ). Starch is the main component of carbohydrate in unripe banana and as ripening progresses; it changes to soluble sugars (Robinson, 1999) .
The total sugar of banana fruits showed an increasing trend during the storage and towards the end of the storage it became decreased. The present study was in line with the report of Dadzie and Orchard (1997) that, the most striking postharvest chemical change which occurs during the postharvest ripening of banana, cooking banana and plantain is the hydrolysis of starch and the accumulation of sugar (that is, sucrose, glucose and fructose) which are responsible for the sweetening of the fruit. In this study, the maximum total sugar for control fruits was attained on day 12 and decreased thereafter. Whereas fruits from BL and TS packaging showed maximum value on date 15 and decreased thereafter. The trend was also the same for fruits packaged in HDPE and LDPE bags in which maximum sugar content of banana fruits was attained on day 30 and decreased thereafter.
Packaging significantly (P ≤ 0.05) affected the total sugar of banana during the storage period. The rate of increase of total sugar is by far faster in the control than the plastic films. The plastic bags kept the sugar level at lower value than BL, TS and the control at the beginning of the storage period. This was due to lower respiration rate of packaged fruits than control fruits. Salunkhe and kadam (1995) reported that unripe banana subjected to ripen in polyethylene bags at ambient temperature had significantly lower value of TSS and total sugar indicating that the ripening process was slowed down. At the end of date 15, control fruits had a total sugar of 11.3 mg 100 -1 g whereas the value for BL and TS packages were 11.0 and 11.1 mg 100 -1 , respectively. At the beginning of the storage period, the difference between HDPE and LDPE packaged fruits was insignificant. A difference existed on date 33 and 36 and in these two sampling date, HDPE packaged fruits were found to have a higher value of total sugar than LDPE packaged fruits. At the end of the storage period, the HDPE and LDPE bag packaging maintained better the total sugar content which was found to be 12.823 and 12.120 mg 100 -1 g, respectively. Significant (P ≤ 0.05) differences were observed among cultivar throughout the storage period except day 18 and 24. In the present study, Poyo was found to have more amount of total sugar than the two cultivars. Whereas Williams I had the lowest amount of total sugar. The maximum value was attained on date 30 and thereafter it became decreasing. At the end of the storage period the total sugar content of Poyo, Giant Cavendish and Williams I was 13.0, 12.4 and 12.0 mg 100 -1 g, respectively.
Percentage of marketability
The percentage marketability of banana fruit was significantly (P ≤ 0.05) affected by the packaging materials. After 15, all the control fruits became unmarketable whereas fruit packaged in BL and TS continued until day 18 (Table 7) . Since fruits were exposed directly to the atmosphere, control fruits had lost more weight than banana leaf and teff straw. In the present study, the main causes of unmarketability of control fruits was weight loss. Even though fruits packaged in BL and TS were found to be better than control fruits in preventing the weight loss, they became unmarketable totally due to weight loss. But fruits packaged in polyethylene bags continued being marketable until date 36. Ben-Yenonshuna (1985) reported that, packaging of climacteric fruits in low density polyethylene bags delay ripening and softening, and hence improves marketability.
At the beginning of the storage period the difference between the plastic packaging was insignificant. But, starting from day 30, a significant difference was observed. This may be due to the difference in permeability of plastic films to gases in which banana fruits from the LDPE bags had lost more weight than the HDPE but not significantly affected the percentage of marketability. At the end of the storage period HDPE maintained marketability to 56.9% whereas LDPE kept to 58.8%. This difference in marketability of banana fruits contributed to percentage of decayed fruits in which more percent of decayed fruits were obtained from HDPE. The difference among cultivars was significant (P ≤ 0.05) from date 9 to 15. Williams I was found to have less percent of marketability than Giant Cavendish and Poyo. This difference could be related to the weight loss of cultivars. In the present study, Williams I was smaller in size than the two cultivars and hence it loses more weight due to its higher surface area to volume ratio.
Conclusions
Packaging significantly (P ≤ 0.05) affected the TSS, pH, TA, AA, reducing sugar, total sugar, marketability and sensory qualities all were significantly (P ≤ 0.05) affected by packaging materials. Packaging also significantly (P ≤ 0.05) affected the chemical attributes of banana fruits stored for 36 days. TSS was found to be the highest in the control banana fruit than in the banana subjected to other treatments. The other chemical qualities like titratable acidity, pH, AA, total sugar and reducing sugar were significantly (P ≤ 0.05) affected by the packaging treatments. Except pH, the rest were maintained higher in the packaged banana fruits than the control banana fruits. The dried banana leaf and teff straw treatments were found to be better in maintaining that quality attributes than in control banana fruits. Relatively higher values of AA, TA, reducing sugar and total sugar were maintained by the two plastic packaging materials towards the end of the storage period compared to the storage under open air conditions. Percentage of marketability was significantly (P ≤ 0.05) affected by the packaging treatments. At the beginning of the storage period, control banana fruits became unmarketable starting from date 6, whereas BL and TS packaged fruits started to become unmarketable from date nine. At the end of day 15, the control banana fruits became totally unmarketable and those banana fruits which were packaged in the TS and BL became unmarketable after day 18. On these sampling dates, fruits packaged in HDPE and LDPE bags were found to be 100% marketable and continued to be marketable until day 27 of storage under ambient conditions. Finally, for the sensory qualities, panellist preferred Poyo and Giant Cavendish when packaged in both plastic bags for their overall acceptability. Concerning the three cultivars, Poyo was found to have thicker pulp and peel. The weight loss of this cultivar under the packaging treatments was lower due to these physical attributes. Dry matter of the pulp was found to be higher in Poyo and lower in Williams I. Regarding the chemical qualities; Poyo was found to contain the highest TSS, total sugar and reducing sugar but lower AA and TA content. Williams I had more TA and AA when compared to the other two cultivars. Giant Cavendish was found to have higher TSS, reducing sugar and total sugar than Williams I and statistically same value of TA and AA with Poyo. Generally, Poyo was found to be the superior in terms of most of the chemical and physical quality parameters followed by Giant Cavendish. Generally, the use of HDPE and LDPE bag packaging was found to be best in extending the shelf life and maintaining the physiochemical quality attributes of banana fruits throughout the storage period. MAP and related technology can be selectively used in postharvest handling of fresh fruits and vegetables with good results.
